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SCIENCE AND ENGINEERING 


Cryogenics: Environment/Phenomena/ A pplica- 
eet, A. Bh SRE cies haxexsconnphnkucdasd 

4 state-of-the-art examination of the science and 
technology of cryogenics, particularly from the 
viewpoint of the impact on the design of elec- 
trical/electronic devices, equipment and sys- 
tems. Effects of environment and induced phe- 
nomena on fundamental properties and behavior 
of materials are discussed and appropriate data 
given. Examples of cryogenic design are de- 
scribed. The first of a two-part series on the 
subject. 

Wear of Materials—-Impact on Design Failure, 
H. E. Barkan 

A study of the basic concepts of wear of ma- 
terials, based on the results obtained from the 
observation of wear in metals. Descriptions of 
the phenome non of wear as applied to design 
engineering are discussed. Wear and its minimi- 
zation are examined and reported. The text is 
supported by tables and an extensive bibliog- 
raphy. 

Engineering Psychology and Human Factors in 
Design, Members of the Research Staff, Dun- 
lap and Associates, Inc., and A. E. Javitz 

Engineering psychology is considered as a _pri- 
mary experimental research arm of human- wa 
tors engineering. Fundamental areas of the sub- 
ject are discussed with relevance to equipment 
and systems-design parameters. The basic con- 
cept is that of the man-machine-environment 
interactions and the ultimate reliability of sys- 
tem performance. 


Mathematics 


Analytic Functions of a Complex Variable, N. P. 
Salz 
Review of complex numbers; operations and 
algebraic laws, mapping, absolute value and 
phase, the algebra and trigonometry of complex 
numbers and the roots of complex numbers. 
Functions of a complex variable; definition of 
terms for the study of functions, limits, con- 
tinuity, differentiation, the Cauchy-Riemann 
conditions and polar coordinates. Analyticity, 
the harmonic functions and the Laplace equa- 
tion. Line integrals in simply and multiply con- 
nected regions, Green’s theorem, the Cauchy- 
Goursat integral theorem and Cauchy's integral 
formula. Infinite series of complex numbers, 
the Laurent series, the theory of residues and the 
Laplace transform integral solution for poles and 
residues. 


Hyperbolic Functions, Rb Ais is 5c 
The hyperbolic func a and the inverse hyper- 
bolic functions are defined entirely in terms of 
the ascending exponential function e? and the 
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descending exponential function e*. All alge- 
braic and trigonometric properties and their as- 
sociated operations are derived from the basic 
definitions. The utility of the hyperbolic func- 
tions is demonstrated in solutions of the classical 
transmission-line problem. 

4 Band-Pass Filter Slide Rule, A. 1. Zverev and 

H. J. Blinchikoff 

In designing filters by the image-parameter 
method, it is usually impractical to draw curves 
for all possible conditions. Here is a usable slide 
rule for making the necessary calculations to de- 
sign band-pass filters. Insertion losses and at- 
tenuations may be quic kly determined with its 
use. 


Tensor Analysis, M. L. Boas and J. J. Hupert.. 
The generalized basis of vector and scalar con- 
cepts, tensor analysis, is defined and expJored for 
its engineering usefulness. Examples, selected 
references and bibliography are included. 


Vector Analysis, M. L. Boas and J. J. Hupert.. 
Rigorous definitions of scalar and vector func- 
tions and fields, and their properties, are estab- 
lished. Primary vector laws, transformation and 
matrix methods are then developed, with appli- 
” cation illustrations. 
May 107 ee ee . 
; Probability, Statistics, and The Theory of Games, 
L. S. Schwartz and A. M. Hilton 

Basic patterns, laws and mathematical models 
revolving around the theory of probability 
fundamental to any field of application: permu- 
tations and combinations, probability of events 
occurring in a sample space, distributions, ran- 
dom variables, the Law of Large Numbers, 
averaging, estimation, random processes, cor- 
relation theory, spectral analyses, the Gaussian 

process, construction of tests, games theory. 


Reliability through Redundancy and Error-Correct- 
ing Codes, L. S. Schwarts .........5 6.59.0: 
The problem of reliability assumes serious pro- 
portions whenever numerous hardware compo- 
nents and transmission of large amounts of data 
of informational and control nature are involved. 
Beyond the very definite limits of components 
improvement, the problem must be attacked by 
using redundant components and circuits. Prin- 
ciples of redundancy in equipment and coding in 
data transmission are discussed; examples illus- 
trating applications are given. 

Bessel and Gamma Functions, A. D. Kraus 
Bessel’s equation and the Bessel functions, re- 
currence relationships, and the generalized form 
of Bessel’s equation are presented. The gamma 
function, the solution to Bessel’s equation, and 
the method for deducing recurrence relation- 
ships, or basic identities, are given. The values 
of Bessel’s zero- and first-order functions of the 
first and second kind (both ordinary and modi- 
fied) and gamma functions are tabulated. 


ELECTRO-TECHNOLOGY 
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Network Analysis 


Thermistor-Resistor Temperature-Sensing Net- 
works, 0. Schwelb and G. C. Temes 
A procedure for the design of networks (either 
four-pole or two-pole) consisting only of resistors 
and a thermistor for use in temperature-sensing 
applications. The thermistor may have either a 
negative or a positive temperature coefficient. 
Extensive tables give design parameters. 
Hyperbolic Functions, A. D. Kraus 
The hyperbolic functions and the inverse hyper- 
bolic functions are defined entirely in terms of 
the ascending exponential function e7 and the 
descending exponential function e*. All alge- 
braic and trigonometric properties and their as- 
sociated operations are derived from the basic 
definitions. The utility of the hyperbolic func- 
tions is demonstrated in solutions of the classical 
transmission-line problem. 
Digital-Circuit Reliability through Redundancy, 
A. A. Sorensen 
Aysummary of results obtained by the applica- 
tion of redundancy to various types of digital 
circuits used in computers. Both part and 
circuit redundancy are applied, and comparisons 
are made between various possible sechalinees. 
Formulas are derived which enable the designer 
to ascertain the actual reliability improvements 
to be expected from redundancy. 
A Procedure for the Design of Transistor Bias Net- 
works, G. E. Platzer, Jr..... 
By using a few simple equations and two easily 
obtained graphs, the values of biasing resistors 
which will provide suitable temperature stebility 
of the operating point are readily calculated. 
Methods used in arriving at the equations for the 
networks discussed can be used for other bias 
schemes as well. 


Reliability through Redundancy and Error-Cor’ 


recting Codes, L. S. Schwartz.............. 
The problem of reliability assumes serious pro- 
portions whenevér numerous hardware com- 
ponents and transmission of large amounts of 
data of informational and control nature are in- 
volved. Beyond the very definite limits of com- 
ponents improvement, the problem must be at- 
tacked by using redundant components and 
circuits. Principles of redundancy in equipment 
and coding in data transmission are discussed; 
examples illustrating applications are given. 


Network Synthesis: Some Notes on the Synthesis 


of RLC Transfer Functions and Constant- 

Resistance All-Pass Lattice Networks, L. 

Weinberg re 
The basic principles of network synthesis (as pre- 
sented in br. Weinberg’s Science & Engineering 
article in the January 1961 issue of ELectro- 
TECHNOLOGY) are applied to the synthesis of 
RLC transfer functions and constant-resistance 
all-pass lattice networks. 


Introduction to Network Synthesis, L. Weinberg 


Basic characteristics of network synthesis are 
presented and synthesis for oplimum results and 
exact solutions is demonstrated. Frequency- 
domain synthesis of passive lumped-constant 
networks is stressed. Includes synthesis of 
simple driving-point functions by recognition, 
realizability conditions, approximation of a given 
curve by an appropriate rational function, re- 
lated problems. 


Transistor Network 

Analysis, A. A. Sorensen 
General four-terminal networks are analyzed in 
terms of the various possible parameters. The 
same techniques are then applied to transistor 
circuits. Properties of common-base, common- 
emitter, and common-collector connected tran- 
sistors are developed. (The fourth in a six-part 
series.) 


Physics 
Electrical Breakdown in Solids and Liquids, A. H. 


Sharbaugh and J. C. Devins............... 
The basic concepts of electrical breakdown, 
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previously examined by the authors in relation 
to gases (cf February 1961 issue of ELectro- 
TECHNOLOGY), are now extended to considera- 
tions of breakdown phenomena in solids and 
liquids. Eupesinnatill studies are discussed and 
various theories of breakdown are elucidated, in 
some instances with the use of mathematical 
examples. 


Quantum Electronics, G. C. Dacey 


Quantum theory as related to solid-state physics 
is explained for the benefit of the practicing elec- 
trical design engineer, starting with Planck’s 
radiation theory, Bohr’s concept of the atom, 
and de Broglie’s hypothesis of wave-particle 
duality, the heart of quantum mechanics. The 
wave equation is related to the Schrédinger 
equation. Other aspects considered include ob- 
servables and operators, eigen functions and 
eigen values, the indeterminacy principle. 


The Fundamental Nature of Electrical Breakdown, 


J. C. Devins and A. H. Sharbaugh 

An exposition of the various aspects of the sub- 
ject for the systems and design engineer, includ- 
ing classical concepts of the mechanisms of 
breakdown, the effects of time lags, the influ- 
ence of variables, and the relationships between 
breakdown and the nature of the dielectric 
(primarily electron behavior and molecular 
structure). A minimum of mathematics is em- 
sloyed, with physical illustrations and analogies 
Seine used as much as possible. 


: Some Notes on the Synthesis of 
RLC Transfer Functions and Constant-Re- 
sistance All-Pass Lattice Networks, L. Wein- 
berg 

The basic principles of network synthesis (as 

presented in Dr. Weinberg’s Science & Engineer- 

ing article in the January 1961 issue of ELEctro- 

TECHNOLOGY) are applied to the synthesis of 

RLC transfer functions and constant-resistance 

all-pass lattice networks. 


Introduction to Network Synthesis, L. Weinberg 


Basic characteristics of netwc k synthesis are 
presented and synthesis for opismum results and 
ezacl solutions is demonstrated. Frequency- 
domain synthesis of passive lumped-constant 
networks is stressed. Includes synthesis of sim- 
ple driving-point functions by recognition, re- 
alizability conditions, approximation of a given 
curve by an appropriate rational function, re- 
lated problems. 


Systems 


Electromechanical Energy Conversion, P. L. Alger 


and E. Erdelyi 
The behavior of electric machines in power and 
control systems is analyzed from the standpoint 
of energy flow. Performance equations, equiva- 
lent circuits for dynamic components and both 
steady-state and transient problems are con- 
sidered, with solutions. 


All Classifications 


Key Problems in Microelectronics, A. E. Javitz 


An objective examination of the current prob- 
lems in large-scale development and use of micro- 
electronic devices. The discussion is in terms of 
materials, techniques, reliability, yields, costs, 
standards, and design integration. 


Summary of Nuclear Radiation Effects on Elec- 


tronic Components and Systems, J. E. Dren- 

nan and E. N. Wyler 
A “state of the art’ summary of current knowl- 
edge of the effects of different types of nuclear 
radiation on components and systems. Reports 
cover electron tubes, resistors, capacitors, relays, 
switches, terminals, transformers, transistors, 
semiconductor diodes and electronic systems. A 
supporting bibliography is also given. 


Analyzing Failure Rates in Electronic Components, 


G. W. A. Dummer.... 


Variables in component manufacture and ap- 
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Jun 





Subject Classification 


plication impose difficulties on accurate statisti- 
cal analysis of reliability. Typical faults caused 
by such variables are discussed. Failure data for 
specific equipments under given operating and 
environmental conditions are presented. 


Batteries 


Electrochemical Energy 
mium Batteries, R. 
Stafford 

The properties, reac tions, design and operation 
of nickel /cadmium batteries in powering control 
systems and components for missile and space 
vehicles are studied. Characteristics of these 
batteries are given in charts and tables. This 
study is a follow-up of the preceding article 
June 1961) on silver oxide/zinc batteries and 
basic technology of galvanic power sources. 

Electrochemical Energy Sources—Silver Oxide/ 
Zinc Batteries, R. W. Schult and W. T. Staf- 
ford 

The characteristics of silver oxide/zinc batteries 
are studied with respect to operating and design 
parameters in powering control systems and 
components for missile and space vehicles. Sev- 
eral types of these galvanic power sources are 
analyzed and classified for adoption into an op- 
eration system. Charts and tables evaluate char- 
acteristics of these batteries. 


Nickel /Cad- 
and W. T. 


Sources 
W. Schult 


Contact Devices 
Mechanics of Electrical-Contact Failure Caused by 
Surface Contamination, S. W. Chaikin 
\ study of the reasons for failure of contacts in 
electrical connecting devices, particularly sealed 


relays. Primary interest is in contaminants 


de ‘posited on the contact surface in the form of 


This re- 
materials 


base metal and organic contamination. 
port details contaminating sources, 
and methods for their control. 

Relay Designers and Users Meet, M. M. Meyers 
\ summary report on the Ninth National Con- 
ference on Electromagnetic Relays, held April 
24-27, 1961 at Oklahoma State l niversity. Nine 
technical papers are reviewed. Covered are relay 
contact failure, special telephone-relay contacts, 
contact spring for reduced chatter in high-speed 
relays, high-speed relay operation with minimal 

dry-reed relay logic device, r-f interfer- 

and test and measurement. 

Drive Developments Stressed at Machine 

Forum, Staff Report 
Digest of selected papers presented at the 2! 5th 
Westinghouse Machine Tool Forum. New drives 
and modifications of others are described, along 
with user experience with them. Small relays are 
evaluated and systems implications analyzed. 

\ Method for Experimental Study of Relay Stabil- 

ity, C. F. Cameron, D. D. Lingelbach and 
C. C. Freeny.. 
In the design of use of a relay or similar device, 
it is desirable to know the effects on performance 
of changes in key variable conditions and param- 

An experimental method is described for 

evaluating the effects of such changes for a re- 

lay. 


power, 


ence suppression, 


Tool 


eters 


Embedded Circuits 


Thermally Conductive Cast-Resin Compounds for 


Heat Dissipation, C. A. Harper 

Cast-resin embedments for electronic packaging 
can provide satisfactory heat dissipation by 
utilizing resin compounds of sufficiently high 
thermal conductivity. This article describes the 
effect of various compound fillers that improve 
conductivity and discusses the nature and sig- 
nificance of filler properties and characteristics. 
Thermal conductivity data are applied to specific 
design problems. 
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Magnetic Components 


Automatic Switching Control with Electric 
Clutches and Brakes, P. Block and D. Hen- 
nings .... il 

Torque-slip characte ristics, average torque 
curves, thermal rating and flux build-up and 
decay times are considered for direct-acting, 
friction-disk electromagnetic clutches and brakes 
for mechanical power-switching functions. Con- 
trol devices are reviewed and basic control cir- 
cuits illustrated, including methods of providing 
overexcitation and underexcitation. General- 
purpose transistor control. 

Transformer Specification for Reliable Electronic 
Equipment, D. Epstein 

Specification MIL-T-27A is interpreted and the 
need for additional information detailed with 
respect to environmental conditions, electrical 
requirements and mechanical considerations to 
aid the systems or subsystems designer in get- 
ting his requirements met by the transformer 
manufacturer. 

A-C Solenoid Application, I. Gebel 

In selecting an a-c solenoid, there must be a 
proper balance between application requirements 
and inherent solenoid characteristics. A proce- 
dure is developed for selecting, as closely as pos- 
sible, the correct solenoid for a particular ap- 
plication. Several examples illustrating the 
procedure are given. 

Graphical Flux Analysis Transformer Design, 
M. G. Leonard 

Examples of the quantitative use of field-map- 
ping techniques are presented, and their applica- 
tion to transformer design problems detailed. 

Optimal Electromagnet Design, T. Lindstrom. . 

The inadequacy of the “‘ampere-turn’ " concept i in 
electromagnet design is demonstrated. The use 
of the more significant current linkage factor is 
illustrated by design examples. 


Wound Cores Improve Transformer Performance, 
C. Ghaznavi 
The reasoning underlying a new three-phase 
transformer design using circular wound cores is 
given. Test data showing improvements over 
E-core equivalent designs are included. 
Designing Electronic Transformers on a Digital 
Computer, R. Lee 
To demonstrate the iterative procedures used to 
optimize the design of small electronic trans- 
formers within limits of overall performance, the 
computer programming for a’ single-secondary 
transformer in the range of 4 to 3230 va core 
rating is detailed. Modifications of the program 
for designing rectifier-plate transformers and 
linear inductors are also described. 

Design of a Magnetic Voltage Stabilizer, S. Lindena 
The principles of operation of the magnetic volt- 
age stabilizer are related. Design details with a 
specific example are included. 

The Technique of Transformer Design, I. Richard- 


A rational approach to power transformer de- 
sign is derived from basic magnetic and electrical 
principles. Detailed electrical and thermal de- 
sign aspects are discussed, with examples. 
Transformers for rectifier circuits are stressed. 


Mar 


Microcircuit Assemblies 


Thermal Design Considerations in 
Microelectronics, J. R. Baum 

Analysis of problems associated with adequate 
thermal design in thin-film devices. Problem is 
examined with two considerations in mind: 
thermal characteristics of individual circuit ele- 
ments and the modes of heat transfer and tem- 
perature gradients in substrate assembly con- 
cepts. 


Thin-Film 


Key Problems in Microelectronics, A. E. Javitz 
An objec tive examination of the current prob- 
lems in large-scale development and use of 


ELEC 
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microelectronic devices. ‘Ihe discussion is in 
terms of materials, techniques, reliability, yields, 
costs, standards, and design integration. 

. . me F . . 

Superconductive Circuits for Computing Machines, 

V. L. Newhouse 

Gain and time constants of wire-wound and film 
type cryotrons are compared. Cross-film types 
function as logic circuit elements. Because the 
cost and bulk of deposited crossed-film cryotrons 
is considerably below that of transistors and they 
dissipate only about 1/1000 that of transistor 
energy, their use in extremely compact digital 
computer systems of high speed is foreseen. 


Microwave Components 


Trends in Semiconductor Devices for Microwave 
Applications, M. Tenzer 
A review of the latest developments in transis- 
tors, diodes, tunnel diodes, parametric amplifi- 
ers, etc. Specific information on the capabilities 
of various. types at microwave frequencies. 


Microwave Filters, E. N. Torgow 
The present state-of-the-art of microwave filter 
design is examined. The various techniques 
available for designing filters are described and 
their advantages and limitations are considered. 
Examples are included. 


Power Sources 


Unconventional Power Sources—2, E. Randall .. 
Theory, electrical characteristics, and state of 
the art of thermionic converters, solar cells, mag- 
netohydrodynamics, photoemissive generators, 
ferroelectric converters, and devices utilizing the 
Austin effect. (Covered in Part | were fuel cells 
and thermoelectric devices.) 


Unconventional. Power Sources—1, E. Randall... 
A survey of the various types of “exotic’’ power 
sources that are being developed particularly for 
use in space vehicles. Special emphasis on elec- 
trical characteristics, efficiencies, power-to- 
weight ratios, ete. Covered in this part of a two- 
part article are fuel cells and thermoelectric con- 
verters. Thermionic converters, solar cells, mag- 
netohydrodynamic generators, etc. will be 
discussed in Part 2. 


Resistors 


Derating—Its Meaning and Limitations, J. R. 


Critical review of current derating practices and 
philosophies. Practical, safe derating cannot be 
achieved in a design without careful considera- 
tion and evaluation of the component’s capabili- 
ties. Suggestions are offered for obtaining more 
realistic and useful results. Examples are cited 
from resistor derating practice. 


The Weighted Resistor Decoder: An Error Analysis, 
N. Aron and R. A. Goundry 
The relation between accuracy of conversion and 
resistor tolerance is analytically determined for a 
binary-weighted resistor network used as a 
digital-to-analog converter (decoder). 


Semiconductor Devices 


Thermistor-Resistor Temperature-Sensing Net- 
works, O. Schwelb and G. C. Temes ...... 
A procedure for the design of networks (either 
four-pole or two-pole) consisting only of resistors 
and a thermistor for use in temperature-sensing 
applications. The thermistor may have either a 
negative or a positive temperature coefficient. 
Extensive tables give design parameters. 
Solid-State Devices in Appliance Control—A_ Pro- 
jection, J. D. Harnden, Jr 
Possible applications of the newer semiconductor 
and other devices are considered for performing 
such functions as switching, timing, sensing and 
control (plus power conversion). Reliable opera- 
tion, high efficiency, great power gains and small 
size of transistors, silicon controlled rectifiers, 
photoconductors and thermistors provide advan- 
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tages to the designer willing to take a fresh look 
on an integrated systems level. 


Trends in Semiconductor Devices for Microwave 
Applications, M. Tenzer 
A review of the latest developments in transis- 
tors, diodes, tunnel diodes, parametric amplifi- 
ers, ete. Specific information on the capabilities 
of various types at microwave frequencies. 


Using the Silicon Controlled Rectifier for Protec- 
tion, F. W. Gutzwiller 
Consideration is given to the use of the silicon 
controlled rectifier as a protective element 
against overcurrents and evervoltages. Several 
Yr of circuits are described: gate blocking, 
electronic crowbarring, and current-limiting cir- 
cuit breaker. 


Transient Protection for High-Frequency Transis- 
tors, W. D. Roehr 
Three common types of transistor circuits (video 
and r-f amplifiers, mutually coupled amplifiers, 
ete.) are analyzed with a view to discovering 
what causes transistor failures due to switching 
transients. Proper means of correction are given. 


Semiconductor Failure Analysis Using Character- 
istic Curves, R. A. Holladay 

Four basic types of semiconductor failures are 
discussed: stress, voltage breakdown, degrada- 
tion, and dissipation. The effects that each of 
them has in changing the shape and appearance 
of the characteristic curves are deseri and 
illustrated with specific examples. 


Tunnel-Diode Capacitance Measurements, E. Adler 
and R. C. Wenson 

The measurement of the capitance of a tunnel 
diode is made difficult by the occurrence of 
spurious: oscillations and by the fact that the 
capacitance is not directly accessible at the diode 
terminals. Specific suggestions, including cir- 
cuits and instrumentation, are given to help 
solve this testing problem. 


Firing Circuits for Silicon Centrolled Rectifiers, 
W.. J. Brown 

Various types of firing circuits are reviewed: 
unijunction transistors, magnetic amplifiers, 
phase-shift networks. Special emphasis and de- 
sign details are given for Silicontrel, which is a 
combination of a magnetic circuit and a phase- 
shift circuit. 


Definitions of terms and description of forward 
and reverse characteristics. Design of circuits 
to be used’ in testing cells, including load tests. 
Discussion of possible misleading details to be- 
ware of im making tests. 


A Procedure for the Design of Transistor Bias Net- 
works, G. E. Platzer, Jr 

By using a few simple equations and two easily 
obtained graphs, the values of biasing resistors 
which will provide suitable temperature stability 
of the operating point are readily calculated. 
Methods used in arriving at the equations for the 
networks discussed can be used for other bias 
schemes as well. 


Semiconductor Electronics 6—Non-Linear and 
Switching Operation, A. A. Sorensen 

The final article in a six-part series. The charac- 
teristics. of the transistor are developed for 
switching operation. Approach is cates the 
three regions of operation: cutoff, linear, and 
saturation. Discussion of dynamic characteris- 
tics centers on switching times and power con- 
sumption. 


Semiconductor Electronics 5— Transistor Amplifier 
Design, A. A. Sorensen 

The first step in designing a transformer is to 
determine the load line and operating point. 
Various other factors (small-signal parameter 
variations and maximum ratings) must also be 
taken into account. This fifth article in the 
series is of a practical: application nature with 
complete information on the actual design of 
various amplifier types. 





Subject Classification 


Semiconducior Electronics 4— Transistor Network 
Analysis, A. A. Sorensen 

General four-terminal networks are analyze ad i 

terms of the various possible parameters. The 
same techniques are then applied to transistor 
Properties of common-base, common- 
and common-collector connected tran- 
(The fourth in a six-part 


circuits 
emitter, 
sistors are developed. 
series 

Technique for Measuring High-Frequency 

Transistor Characteristics, Fekete. ... 

lest measure high-frequency 
small-signal transistor parameters, such as cur- 
rent gain, has been developed. By using suitable 
adaptors, other parameters and other two- or 
four-terminal devices can be measured. 
tially a complex voltage-ratio meter that meas- 
ures the absolute value of two voltages or their 
and the phase angle between them, the 
device uses low signal levels at frequencies be- 
low 50 me 


equipment to 


Essen- 


ratio, 


Thermoelectric Devices 


Thermoelectric Refrigeration and its Application, 
R. S. Lackey and W. L. Wright 
\ practical approach to the theory of refrigera- 
tion using thermoelectric effects, with actual ex- 
amples to illustrate application of the 
principles to the design of a device 


various 


Transducers 


Encoder Offers 

W. R. Knapp, Jr 
Angle encoder provides a total count of 360. 000 
with one revolution of the input shaft, thus pro- 
viding readings to thousandths of a degree. A 
description of the electronic ‘“‘vernier’ system 
angular resolution is given 


Wire and Cable 


ibility of Epoxy-Encapsulated Magnet-Wire Sys- 
tems— An Analysis of ( compatibility Factors, 
A. E. Javitz aed as 
The reliability of epoxy-resin enc apsul: ated 1 mag- 
net-wire systems is analyzed in terms of com- 
patibility between the enc apsulating compounds 
and the magnet-wire insulation. The results of 
investigations on various combinations of resin 
compounds and magnet-wire film insulation are 
given in terms of various operating parameters, 
particularly thermal stability \ number of 
specific and general design conclusions are drawn 
from the data given 


Small Fine Angular Resolution, 


used to provide fine 


Month 


Page 


Jan 
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Drive Elements 


Automatic Switching 
Clutches and Brakes, P. 
nings 

Porque-slip 


Electric 
Hen- 


Control with 


Block and D 


average 


torque 
curves, thermal rating and flux build-up and de- 


characteristics, 


considered for direct-acting, fric- 
tion-disk electromagnetic clutches and brakes for 
mechanical power-switching functions. Control 
reviewed and basic control circuits 
illustrated, including methods of providing over- 
excitation and underexcitation. General-purpose 
control 


cay times are 


de vices are 


transistor 


Gears 


Factors Contributing to Backlash in Gear Trains, 
R. J. Benson... 
Factors that comprise the total bac klash in fine- 
pitch spur gear trains are considered, along with 
detailed calculations. Included are effects of 
changes in center distance, method of calling out 
pressure angle, and total composite 
error in gears; thinning, deflection and wear of 
teeth; radial play in bearings and differential 
expansion between housing and gears; also shaft 
twist 


tolerances, 


Subject Classification 


Springs 

Copper-Base Alloy Spring Materials, 

doc 

The properties and limitations of copper-base 
alloys used in spring design are studied. Choice 
of standard aa new materials is evaluated for 
service conditions and design requirements. In- 
cluded is a specially prepared table of properties, 
specifications and comparative costs of ma- 
terials 


A. E. More- 


Spring Design for Electronic 
OEE nose 

Typical compression, extension, torsion and flat 

springs are considered, with examples worked 

out by established equations and tabular data on 

materials properties. Conservative stress values 

are used in line with military reliability norms. 


i ey J. 


COMPUTING MACHINES 
Applications for design, see Systems, Com- 


puter-type Subsystems) 


Techniques of Analog Simulation, A. W. Lange. 
Jr. 

\ review of the theory and practice involved in 

the programming of large-scale electronic analog 

computers. Basic components are described and 

their use in simulating both linear and non-linear 

systems is discussed with examples. 


Control-System Analysis by Analog Simulation, 
W. E. Sollecito.... 
Presents fundamentals of analog computation 
and its use in simulating feedback k control sys- 
tems. Simulation is used in the basic design 
procedure to eliminate costly experimentation 
with hardware. 
Designing Electronic 
Computer, R. 
To demonstrate the iterative procedures used to 
optimize the design of small electronic trans- 
formers within limits of overall performance, the 
computer programming for a_ single-secondary 
transformer in the range of 4 to 3230 va core rat- 
ing is detailed. Modifications of the program for 
designing rectifier-plate transformers and linear 
inductors are also described. 


Transformers on a_ Digital 


The Forum: Computing Machines in Control Sys- 
tems. Principles of Data Processing in 
Numerical Control of Machine Tools, J. L. 
McKelvie. 

Automatic control by orders which are intro 
duced in the form of numbers has become an im- 
portant concept. The basic principles of numeri- 
cal control systems used by the metalworking 
industry are presented. 


The Forum: Computing Machines in Control Sys- 
tems. 2. Panel Discussion—Machine-Tool 
Control, A. R. Robinson, A. M. Hilton, F. J. 
Oliver, J. L. McKelvie, B. Harris, S. M. 
Matsa and V. Rogers 

The design of a numerical machine-tool control 
system requires careful integration of ideas from 
several technological areas. Positioning systems 
involving little data processing at the machine 
and contouring systems involving complex data 
processing are discussed. A panel of experts 
weighs the advantages and disadvantages of dif- 
ferent design approaches and discusses the role 
of computing machines. 


DESIGN CONSIDERATIONS 


Cost Factors 


Dollar Trade-Offs in Systems Design Involve Total 
Engineering, D. B. Ehrenpreis 

\ systematic method is outlined for trading off 

eleven design and development system-param- 

eters against each other in terms of “‘equivalent 

dollar” penalties and values. The technique de- 

scribed uses value equations and dollar trade-off 


ELEC 


Month 


TRO-TECHNOLOGY 





Human-Factors 


Quiet Wiring, W. 


Subject Classification 


(DTO) coefficients in developing a system, de- 
sign concept, end product or subassembly for 
maximum cost effectiveness. | Examples are 
given in the design of electronic structural 
modules. 


Environmental Effects 


Summary of Nuclear Radiation Effects on Elec- 


tronic Components and Systems, J. E. Dren- 


nan and E. N. Wyler 

A “state of the art’’ summary of current knowl- 
edge of the effects of different types of nuclear 
radiation on components and systems. Reports 
cover electron tubes, resistors, capacitors, relays, 
switches, terminals, transformers, transistors, 
semiconductor diodes and electronic systems. A 
supporting bibliography is also given. 


Environmental Evaluation of Magnetic Materials, 


D. |. Gordon 

Results of studies completed by U. S. Naval 
Ordnance Laboratory and others in the develop- 
ment and utilization of magnetic materials per- 
formance in extreme environments. Included are 
both soft core materials and hard permanent- 
magnet materials. Environmental performances 
are evaluated under conditions of 500 C (and 
above) temperatures, nuclear radiation up to 
~ 10" fast neutrons/cm? and nuclear pulse radi- 
ation up to 10'° fast neutrons/cm’. 


Human Factors 


Engineering Design Standards, 
M. A. Tolcott, A. N. Chambers, P. Preusser 
and Staff, Dunlap and Associates, Inc. 

Basic considerations and necessary procedures 
for the development of human-factors engineer- 
ing standards and specifications are discussed. 
Illustrations of design “guidelines” and ‘“‘check- 
lists” are drawn from work done in connection 
with systems requirement for equipment used in 
the Polaris missile submarine. Search and evalu- 
ation of system components from the human- 
factors viewpoint are essential in such work. 


Engineering Psychology and Human Factors in De- 


sign, Members of the Research Staff, Dunlap 

and Associates, Inc. and A. E. Javitz 
Engineering psychology is considered as a_pri- 
mary experimental research arm of human- 
factors engineering. Fundamental areas of the 
subject are discussed with relevance to equip- 
ment and systems-design parameters. The basic 
concept is that of the man-machine-environment 
interactions and the ultimate reliability of sys- 
tem performance. 


Radio Noise and Interference 


Electrical Noise Control, J. E. Curran 


Some specific suggestions for designers of com- 
plex, high-speed, solid-state systems with regard 
to the control or elimination of unwanted elec- 
trical noise. 


Morton 

An explanation of the causes of noise due to im- 
proper wiring procedures or natural effects which 
cannot be avoided. Ways of reducing noise in 
each case are given. 


Reliability 
Solid-State Devices in Appliance Control 
jection, J. D. Harnden, Jr 
Possible applications of the newer semiconductor 
and other devices are considered for performing 
such functions as switching, timing, sensing and 


A Pro- 


control (plus power conversion). Reliable opera- 

tion, high efficiency, great power gains and small 

size of transistors, silicon controlled rectifiers, 

photoconductors and thermistors provide advan- 

tages to the designer willing to take a fresh look 

on an integrated systems level. 

Improving Analog-Circuit Reliability with 
dundancy Techniques, A. A. Sorensen 

A summary of the results obtained by the ap- 

plication of redundancy to various types of ana- 
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Month 


Mar 


Aug 


May 


Nov 


Page 


103 


107 


Digital-Circuit Reliability 


Derating 


Subject Classification 


log circuits and devices, such as a-c and d-c 
amplifiers. Both passive and active (switching) 
redundancy are applied and comparisons are 
made between several possible techniques. 
Formulas are derived which enable the designer 
to ascertain the actual reliability improvements 
to be expected. 


Semiconductor Failure Analysis Using Characteris- 


tic Curves, R. Holladay 
Four basic types of semiconductor failures are 
discussed: stress, voltage breakdown, degrada- 
tion, and dissipation. The effects that each of 
them has in changing the shape and appearance 
of the characteristic curves are desc bed and 
illustrated with specific examples. 


through Redundancy, 
A. A. Sorensen 

A summary of results obtained by the applica- 
tion of redundancy to various types of digital cir- 
cuits used in computers. Both part and circuit 
redundancy are applied, and comparisons are 
made between various possible tec hniques. 
Formulas are derived which enable the designer 
to ascertain the actual reliability improvements 
to be expected trom redundancy. 

Its Meaning and Limitations, J. 


Isken 

Critical review of current derating practices 
and philosophies. Practical, safe derating can- 
not be achieved in a design without careful con- 
sideration and evaluation of the component's 
capabilities. Suggestions are offered for obtain- 
ing more realistic and useful results. Examples 
are cited from resistor derating practice. 


Dollar Trade-Offs in Systems Design Involve Total 


Engineering, D. B. Ehrenpreis 
A systematic method is outlined for trading off 
eleven design and development system-param- 
eters against each other in terms of “equivalent 
dollar” penalties and values. The technique de- 
scribed uses value equations and dollar trade- 
off (DTO) coefficients in developing a system, 
design concept, end product or subassembly for 
maximum cost effectiveness. Examples are given 
in the design of electronic structural modules. 


The Word is RELIABILITY, Staff Report 


Engineers and others professionally involved in 
the various activities in which the principles of 
“reliability’’ are important were asked for com- 
ments on three questions. The propositions were 
selected to demonstrate the wide spectrum of in- 
terests spanned by ‘reliability,’ and the conse- 
quent variety of opinion. Not a panel discussion 
or symposium, the article stresses informal per- 
sonal views. 


a — Rates in Electronic Components, 


W. A. Dummer 
\ BA wh in component manufacture and appli- 
cation impose difficulties on accurate statistical 
in of reliability. Typical faults caused by 
such variables are discussed. Failure data for 
specific equipments under given operating and 
environmental conditions are presented. 


Strength and Weight Factors 


Dollar Trade-Offs in Systems Design Involve Total 


Engineering, D. B. Ehrenpreis 
A systematic method is outlined for trading off 
eleven design and development system-param- 
eters against each other in terms of “‘equivalent 
dollar’’ penalties and values. The technique de- 
scribed uses value equations and dollar trade-off 
(DTO) coefficients in developing a system, de- 
sign concept, end product or subassembly for 
maximum cost effectiveness. Examples are given 
in the design of electronic structural modules. 


Thermal Design Factors 


Cryogenics: Selection Data for Structural Mate- 


rials, J. F. Watson, J. L. Christian and J. 


The behavior of metals and nonmetals under 
various combinations of cryogenic and other en- 
vironments is discussed and analyzed on the 


Month 





Subject Classification 


basis of a special study related to aerospace and 
missile applications. Materials examined include 
stainless steel, aluminum, titanium and cobalt- 
nickel alloys, plastics laminates, adhesives and 
thermal insulation. (Concluding article of a 
2-part series.) 
Thermal Design Considerations in 
Microelectronics, J. R. Baum 
Analysis of problems associated with adequate 
thermal design in thin-film devices. Problem is 
examined with two considerations in mind: 
thermal characteristics of individual circuit ele- 
ments and the modes of heat transfer and tem- 
perature gradients in substrate assembly con- 
cepts. 
Thermally Conductive Cast-Resin Compounds for 
Heat Dissipation, C. A. Harper 
Cast-resin embedments for electronic packaging 
can provide satisfactory heat dissipation by 
utilizing resin compounds of sufficiently high 
thermal conductivity. This article describes the 
effect of various compound fillers that improve 
conductivity and discusses the nature and sig- 
nificance of filler properties and characteristics. 
Thermal conductivity data are applied to specific 
design problems. 
Thermoelectric Refrigeration and its Application, 
R. S. Lackey and W. L. Wright 
A practical approach to the theory of refrigera- 
tion using thermoelectric effects, with actual ex- 
amples to illustrate application of the various 
principles to the design of a device. 
Instrument Motor Temperature-Rise Factors, 
ID saint ca ca ts Ries elas clk ve os 
The influence of electrical input, duty cycle and 
method of mounting on instrument motor tem- 
perature and life are depicted. Tests of a typical 
motor are used to demonstrate the motor appli- 
cation advice. 


Thin-Film 


HEAT FLOW 


Transient Heat Flow, R. P. Benedict 
Graphical, numerical and electrical network 
analog methods of stepwise solution to the basic 
heat-conduction equations are described and 
compared. Problems and analog circuit data are 
included. 


Extended Surfaces for Heat Transfer: 5—Spines, 
Oe See ee eee 
The last of the five-part series of articles on ex- 
tended surface thermal analysis explores the 
spine or pin shape. Various spine profiles are 
studied and analyzed, and their efficiencies com- 
pared. 
Extended Surfaces for Heat Transfer: 4— Opti- 
mum Shapes for Longitudinal Fins. Radial 
Fins of Hyperbolic Profile, A. D. Kraus... 
The various primary profile forms for longi- 
tudinal fins are examined, and analytical meth- 
ods of design for optimal heat-transfer and ma- 
terial use are developed. The hyperbolic-profile 
radial fin is also explored, and compared with 
the rectangular shape. 


Extended Surfaces for Heat Transfer: 3 
tudinal Fins of Non-Rectangular 
Rc dos chk awhde sah oharcn's 
The analysis of the longitudinal fin of rectangu- 
lar profile presented in Part | of this series was 
fundamental because of constant cross-sectional 
areas. The study of the rectangular fin is now 
continued for the more complex considerations 
involved in non-rectangular shapes, illustrated 
by triangular, trapezoidal and parabolic profiles. 
Extended Surfaces for Heat Transfer: 2— Radial 
Fins of Rectangular Profile, A. D. Kraus... 
Design methods for radial fins are outlined. Fins 
of this general shape involve more variables than 
the longitudinal fins covered in the first article of 
this series, but certain simplifications permit 
straightforward analysis. 


Extended Surfaces for Heat Transfer: 1 


Longi- 
Profile, 


Longi- 


8 
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94 


Subject Classification 


tudinal Fins of Rectangular Profile, A. D. 

ME neste <¥haes es eauTaeeeose's gobo res teeas 
The first of a five-part series of articles deriving 
and demonstrating design methods for extended- 
surface heat transfer. Tenaiadieel fins of rec- 
tangular profile are fundamental and are used for 
the initial basic development of the analysis. 


INSTRUMENTS AND TEST EQUIPMENT 


Month 


Feb 


Design (for application, see Test and Measurement) 


The Thermistor Bridge, D. S. Saulson 
An analysis of the thermistor bridge as applied 
to temperature-control systems. The Thevenin 
equivalent circuit of the thermistor bridge en- 
ables facile determination of output current and 
the condition for maximum gain. 


Measuring Functional Accuracy of Hall-Effect Gen- 
erators, S. Harac 
Method and equipment used on solid-state re- 
solvers to check the extent of departure, at any 
point of rotation, of the Hall output from the 
true sine value. Description of the measuring 
instrument. 


MATERIALS, ELECTRICAL/ELECTRONIC 


Aerospace Electronic Materials—Applications/ 
-nvironments/Effects, E. G. Linden 

A review of studies of materials and their reac- 
tions to outerspace conditions. The problems of 
materials exposed externally and internally are 
approached from the standpoints of vacuum, 
temperature control, ultraviolet light, Van Allen 
belt radiations, lubrication of bearing surfaces, 
and plastics volatility. An extensive bibliog- 
raphy is integrated with this review. 

The Design Analysis of Materials, A. E. Javitz 

and H. E. Barkan 

The intrinsic design value of materials can be de- 
termined only by an analysis of a number of 
interrelated and interdependent factors, among 
them: inherent properties, effect of fabrication 
processing, effect of form and configuration, in- 
fluence of research, influence of test methods, 
and cost relationships. Principles of design 
analysis are cnsndnall and examples of applica- 
tion are given. 


Conductor Materials 


Electrical Insulation System for 350 C Wafer-Coil 
Transformers, B. L. Sawyer 

Results of a Navy Bureau of Ships-sponsored in- 
vestigation to develop techniques and materials 
for design of wafer-coil type of audio, pulse and 
filament transformers for 350 C service. Report 
presents comparative performance data on vari- 
ous materials. End design uses inorganic inter- 
layer insulation, aluminum foil conductors, and 
aluminum oxide powder for potting purposes. 


Electrical Insulation and Dielectrics 


Flame Resistance of Plastics 
Safety” Factor, L. N. Chellis 

The steadily increasing use of plastics materials 

as mechanical and dielectric elements in a wide 

variety of applications has focused serious atten- 

tion on the flame-resistance characteristics of 


A Key “Design-for- 


these materials. This article reviews various 
flammability tests (both for materials and _fin- 
ished components), cites qualitative and quanti- 
tative test data, and reproduces selected indus- 
try standards. 

Mechanical-Property Considerations in Epoxy In- 

sulation, J. Delmonte 

Though electrical properties of epoxy insulation 
are obviously important, the functional mechani- 
cal properties may be equally or more important. 
The need for good mechanical properties, as 
against over-emphasis on electrical properties, 


ELECTRO-TECH NOLOGY 





Subject Classification 


is stressed. The various mechanical properties 
of representative epoxies are discussed in detail. 


Electrical Breakdown in Solids and Liquids, A. H. 


Sharbaugh and J. C. Devins . 
The basic concepts of electrical breakdown, 
previously examined by the authors in relation 
to gases (cf February 1961 issue of ELectro- 
TECHNOLOGY), are now extended to considera- 
tions of breakdown pasate in solids and 
liquids. Experimental studies are discussed and 
various theories of breakdown are elucidated, in 
some instances with the use of mathematical 
examples. 


Frequency Dependence of Electric Strength . . . 


a Design Consideration Analysis, L. J. Frisco 
Frequency dependence of electric strength at 
frequencies up to 100 mc is an important design 
factor in the application of electrical insulating 
materials. This article summarizes the results of 
an intensive investigation at The Johns Hopkins 
University Dielectrics Laboratory for the pur- 
pose of developing appropriate data. Test values 
are given for 31 different classes of materials, 
test methods are described, and the results are 
discussed in design terms. 


Combined Time-Temperature Data for Electrical / 


Electronic Laminates, Staff Report 

Results of NEMA-sponsored investigation of 
pw and cotton-base phenolic laminates, glass- 
»ase melamine and silicone laminates, also glass- 
mat polyester and glass-cloth/epoxy types under 
various time exposures—less than | hr and up to 
100 hr—at temperatures of 130 C, 220 C and 
260 C. 


Effects of Corona on Vinyl Electrical Data, M. 


Olyphant, Jr 

Despite increasing use of vinyl insulation under 
corona conditions, there is lack of meaningful 
evaluation data on related performance. This re- 
port summarizes the results of a research pro- 
gram intended to rectify this situation. Data are 
given on the relation of various physical and 
electrical properties of vinyl tape to corona re- 
sistance, also the effect of various test and at- 
mospheric conditions. 


Thermally Conductive Cast-Resin Compounds for 


Heat Dissipation, C. A. Harper 

Cast-resin embedments for electronic packaging 
can provide satisfactory heat dissipation by 
utilizing resin compounds of sufficiently high 
thermal conductivity. This article describes the 
effect of various compound fillers that improve 
conductivity and discusses the nature and sig- 
nificance of filler properties and characteristics. 
Thermal conductivity data are applied to specific 
design problems. 


Stability of Epoxy-Encapsulated Magnet-Wire Sys- 


tems— An Analysis of Compatibility Factors, 

A. E. Javitz 
The reliability of epoxy-resin encapsulated 
magnet-wire systems is analyzed in terms of 
compatibility between the encapsulating com- 
pounds and the magnet-wire insulation. The 
results of investigations on various combinations 
of resin compounds and magnet-wire film insula- 
tion are given in terms of various operating 
parameters, particularly thermal stability. A 
number of specific and general design conclusions 
are drawn “ the data given. 


The Fundamental Nature of Electrical Breakdown, 


J. C. Devins and A. H. Sharbaugh 

An exposition of the various aspects of the sub- 
ject for the systems and design engineer, includ- 
ing classical concepts of the mechanisms of 
breakdown, the effects of time lags, the influence 
of variables, and the relationships between 
breakdown and the nature of the dielectric (pri- 
marily electron behavior and molecular struc- 
ture). A minimum of mathematics is employed, 
with physical illustrations and analogies being 
nsed as much as possible. 


Electrical Insulation System for 350 C Wafer-Coil 


Transformers, B. L. Sawyer 
Results of a Navy Bureau of Ships-sponsored in- 
vestigation to develop techniques and materials 
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103 


131 


Advances in M 


Subject Classification 


for design of wafer-coil type of audio, pulse and 
filament transformers for 350 C service. Report 
presents comparative performance data on vari- 
ous materials. End design uses inorganic inter- 
layer insulation, aluminum foil conductors, and 
aluminum oxide powder for potting purposes. 


Thermal Classification of Pressure-Sensitive Ad- 


hesive Electrical Tapes, R. E. Hudrlik and 

W. M. Hanson 
Growing applications for pressure-sensitive elec- 
trical tapes as permanent elements in insulation 
systems lead to a detailed investigation of their 
ces aging behavior, so that the tapes 
can be fitted into temperature classes with pre- 
dictable service life. Several tapes (inchding 
some newer types) were subjected to physical 
and electrical tests, gmong them a dynamic flex- 
ing test. Results are given and analyzed. 


Magnetic Materials 


Effects of Temperature on Magnetic Properties of 


Cobalt-Iron Alloys, J. J. Clark and J. F. Fritz 
A study of normal magnetization curves, co- 
ercive forces, residual induction, and total core 
loss at different inductions for three cobalt-iron 
alloys in the -60 to +500 C temperature range. 
Results of temperature cycling are presented in 
the form of typical curves. 


Tests Confirm Merits of Non-Silicon Lamination 


Steel, S. S. Wolff 
The use of controlled and properly annealed low- 
carbon steel for motor laminations is discussed. 
Results of tests are presented, comparing per- 
formance of motors using the carbon steel with 
those employing the more expensive silicon-bear- 
ing materials. 
netism and Magnetic Materials, 

H. E. Barkan 
Selected papers presented at the Sixth Annual 
Conference on Magnetism and Magnetie Materi- 
als are reviewed and interpreted for the design 
engineer. Included are theoretical aspects of the 
conference, and sections reviewing new aspects 
of thin metallic films, oxides, high coercive ma- 
terials, metals and alloys, and soft magnetic ma- 
terials. Charts and graphs illustrate many points 
brought out in the text. 


Environmental Evaluation of Magnetic Materials, 


D. 1. Gordon 

Results of studies completed by U. S. Naval 
Ordnance Laboratory and others in the develop- 
ment and utilization of magnetic materials per- 
formance in extreme environments. Included are 
both soft core materials and hard permanent- 
magnet materials. Environmental performances 
are evaluated under conditions of 500 C (and 
above) temperatures, nuclear radiation up to 
~ 107 fast neutrons/cm? and nuclear pulse 
radiation up to 10'* fast neutrons/cm’. 


Semiconductor Materials 


Organic Semiconductors—A Research Report, 


H. A. Pohl 
A factual review of basic research work in the 
field of organic semiconductor materials and 
their potentialities in practical electronic devices. 
Conductivity data for certain experimental vom- 
pounds are included. 


Applications /En- 


approached from the standpoints of vacuum, 
temperature control, ultraviolet light, Van Allen 
belt radiations, lubrication of bearing surfaces, 
and plastics volatility. An extensive bibliog- 
raphy is integrated with this review. 


The Design : 4 of Materials, A. E. Javitz 


and H. E. Barkan 
The intrinsic design value of materials can be de- 


Month 


Oct 


MATERIALS, MECHANICAL/STRUCTURAL 


Aerospace Electronic Materials 
vironments/Effects, E. G. Linden 

A review of studies of materials and their reac- 

tions to outerspace conditions. The problems of 

materials exposed externally and internally are 





Copper-Base Alloy Spring Material, 


Flame Resistance of Plastics—A Key 


Subject Classification 


termined only by an analysis of a number of 
interrelated and interdependent factors, among 
them: inherent properties, effect of fabrication 
processing, effect of form and configuration, in- 
fluence of research, influence of test methods, 
and cost relationships. Principles of design anal- 
ysis are examined and examples of application 
are given. 


Metals 


Cryogenics: Selection Data for Structural Materi- 
als, J. F. Watson, J. L. Christian and J. Hertz: 


The behavior of metals and nonmetals under 
various combinations of cryogenic and other en- 
vironments is discussed and analyzed on the 
basis of a special study related to aerospace and 
missile applications.. Materials examined include 
stainless steel, aluminum, titanium and cobalt- 
nickel alloys, plastics laminates, adhesives and 
thermal insulation. (Concluding article of 
2-part series.) 
E. More- 
dock i 
The properties and limitations of copper-base 
alloys used in spring design are studied. Choice 
of standard and new materials is evaluated for 
service conditions and design requirements. In- 
cluded is a specially prepared table of properties, 
specifications and comparative costs of mate- 
rials. 


Wear of Materials—Impact on Design Failure, 


H. E. Barkan 
A study of the basic concepts of wear of mate- 
rials, based on the results obtained from the 
observation of wear in metals. Descriptions of 
the phenomenon of wear as applied to design en- 
gineering are discussed. Wear and its minimiza- 
tion are examined and reported. The text is sup- 
ported by tables and an extensive bibliography. 


Applications of Tantalum in Electronic Design, 


D. J. Maykuth 
Current and proposed development design uses 
for tantalum in electronic equipment are ex- 
plored. The effects of properties and fabrica- 
tion on design parameters are investigated and 
conclusions as to the feasibility for certain de- 
signs are given. The text is supported by charts 
and graphs, and documented by cited references. 


Solders— Their Function in Designing Aluminum 


Parts, G. O. Hoglund, F. R. Collins and H. E. 


A study of low-cost, low-temperature joining by 
soldering of aluminum structural and electrical 
components assemblies. The feasibility of the 
soldering process, design parameters and con- 
siderations, and performance of soldered joints 
are evaluated. A short description of materials 
and methods is included. The advantages and 
disadvantages of soldering and its various meth- 
ods are discussed. 


Nonmetallic Materials 


y “Design-for- 
Safety” Factor, L. N. Chellis 
The steadily increasing use of plastics materials 
as mechanical and dielectric elements in a wide 
variety of applications has focused serious atten- 
tion on the flame-resistance characteristics of 
these materials. This article reviews various 
flammability tests (both for materials and fin- 
ished components), cites qualitative and quanti- 
tative test data, and reproduces selected indus- 
try standards. 


Cryogenics: Selection Data for Structural Mate- 


rials, J. F. Watson, J. L. Christian and J. 

PR ins oes a cast 5 etocet be cee dies 
The behavior of metals and nonmetals under 
various combinations of cryogenic and other en- 
vironments is discussed and analyzed on the 
basis of a special study related to aerospace and 
missile acllestions: Materials examined include 
stainless steel, aluminum, titanium and cobalt- 
nickel alloys, plastics laminates, adhesives and 
thermal insulation. (Concluding article of a 
2-part series.) 


Mont 


Apr 
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Protective Coatings 


Mechanical-Property Considerations in Epoxy In- 


sulation, J. Delmonte 

Though electrical properties of epoxy insulation 
are obviously important, the functional me- 
chanical properties may be equally or more im- 
portant. The need for good mechanical proper- 
ties, as against over-emphasis on electrical pro- 
perties, is stressed. The various mechanical 
properties of representative epoxies are discussed 
in detail. 


Thermal and Acoustical Insulation 


Electrical Analog for Vibration-Damping Measure- 


ments, W. Hand 

When evaluating the damping characteristics of 
a vibration-deadening material, the accuracy of 
the electrical measuring circuits must be 
checked. Substituting an electrical analog cir- 
cuit with known parameters for the test speci- 
men provides a simple checking method. Such 
an electrical analog is derived and its use ex- 
plained in an example. 


MOTORS 


All Classifications 


Tests Confirm Merits of Non-Silicon Lamination 


Steel, S. S. Wolff 
The use of controlled and properly annealed low- 
carbon steel for motor laminations is discussed. 
Results of tests are presented, comparing per- 
formance of motors using the carbon steel with 
those employing the more expensive silicon- 
bearing materials. 


Fractional-Horsepower 


The Permanent-Field Synchronous Motor, F. W. 


Merrill 
The operating principles and characteristics of 
the permanent-field synchronous motor are de- 
scribed, and compared with reluctance and 
hysteresis motors. For small-motor design. es- 
pecially, the significance of recent magnetic ma- 
terials advances are discussed. 


New High-Performance Designs for Small Syn- 


chronous Motors, A. Bekey 
The operating principles and particular advan- 
tages of three basically new synchronous motor 
designs are related. Included is a discussion of 
the theoretical and practical advantages of these 
developments over traditional forms of the small 
motor. 


Shading Coils Energized for Motor Control, C. Kas- 


parian 
Continuous control of a small reversing drive 
uses a shaded-pole motor with energized coils in 
place of the customary short-circuited single 
turns. Circuit principles and application are 
described. 


Instrument 


Selecting Balancing Motors for Measuring Systems, 


E. Moraski 
Each major component of a typical null-balance 
measuring system is described and related to sys- 
tem design and performance. Special emphasis 
is placed on balancing-motor characteristics. 


Instrument Motor Temperature-Rise Factors, 


R. Matthews 
The influence of electrical input, duty cycle and 
method of mounting on instrument motor tem- 
perature and life are depicted. Tests on a typical 


motor are used to demonstrate the motor appli- 
cation advice. 


Integral-Horsepower 

Saturable Reactor Control of D-C Motors, H. R. 
Weed and S. P. Jackson 

A method of analysis is developed which derives 


describing equations and characteristic curves. 
The analysis is generally applicable to series 
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saturable reactors used to control any load which 
is inductive and contains a back-emf element. 


PRODUCTION AND ASSEMBLY TECHNIQUES 
Soldering and Solderless Techniques 


Solders— Their Function in Designing Aluminum 
Parts, G. O. Hoglund, F. R. Collins and H. E 
Barkan 

A study of low-cost, low-temperature joining by 
soldering of aluminum structural and electrical 
components assemblies. The feasibility of the 
soldering process, design parameters and con- 
siderations, and performance of soldered joints 
are evaluated. A short description of materials 
and methods is included. The advantages and 
disadvantages of soldering and its various meth- 
ods are discussed. 


SPECIFICATIONS AND STANDARDS 


A Complementary Symmetry Emitter-Follower, 
Preferred Circuits Program, U.S.N.A.D.C. 
Complete design details for a very important cir- 
cuit tr rom the U.S. Navy's Handbook of Preferred 
Circuits. 
Transformer Specification for Reliable Electronic 
Equipment, D. Epstein 
Specification MIL-T-27A is interpreted and the 
need for additional information detailed with 
respect to environmental conditions, electrical 
requirements and mechanical considerations to 
aid the systems or subsystems designer in getting 
his requirements met by the transformer manu- 
facturer. 


Relay Designers and Users Meet, M. M. Meyers 
A summary report on the Ninth National Con- 
ference on Electromagnetic Relays, held April 
24-27, 1961 at Oklahoma State University. Nine 
technical papers are reviewed. Covered are relay 
contact failure, special telephone-relay contacts, 
contact spring for reduced chatter in high-speed 
relays, high-speed relay operation with minimal 
power, dry-reed relay logic device, r-f interfer- 
ence suppression, and test and measurement. 


SYSTEMS 
Communication 


4 Complementary Symmetry Emitter-Follower, 
Preferred Circuits Program, U.S.N.A.D.C 
Complete design details for a very important cir- 
cuit oe the U.S. Navy's Handbook of Preferred 
Circuits. 
Global Communications— State of the Art, R. Kes- 
tenbaum 
Review of present global communications facili- 
ties, including high-frequency and microwave 
communications, ionospheric and tropospheric 
scatter, and submarine cables. Discussion of the 
inadequacies posed by existing systems. The in- 
troduction of passive and active satellite sys- 
tems as solution to future world-wide communi- 
cation needs. Project Echo. Detailed descrip- 
tion of communication problems peculiar to 
earth-space-earth transmission. 


Computer-Type Subsystems 


Digital Matchers, R. E. Leslie and F. Crawford 
The theory of operation of digital matchers, or 
coincidence indicators, is given. Various ways of 
designing the circuits are discussed, with special 
emphasis on the use of transistor-resistor logic. 

Improving Analog-Circuit Reliability with Redun- 

dancy Techniques, A. A. Sorensen ... 
A summary of the results obtained by the appli- 
cation of redundancy to various types of analog 
circuits and devices, such as a-c and d-c ampli- 
fiers. Both passive and active (switching) redun- 
dancy are applied and comparisons are made be- 
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tween several possible techniques. Formulas are 
derived which enable the designer to ascertain 
the actual reliability improvements to be ex- 
pected. 
Digital Logic Modules, J. R. Riggs........ 
A survey of the various ty pes of modules that are 
available for pe srforming the basic logic func- 
tions: diode gates, transistor-diode logic, transis- 
tor-resistor logic, resistor-capacitor transistor 
logic, and direct-coupled transistor logic. Exam- 
ples give electrical and physical characteristics 
of units available from 26 manufacturers. 
Design of Reversible Magnetic Shift be 
R. Yii and L. Mintz. 
By combining transistors with magnetic cores, 
fast, economical, reversible shift registers can be 
obtained. The design of the circuits is explained 
in detail, including input pulse requirements and 
determination of switching speeds. 
Simplifying Switching Circuits with Boolean Alge- 
bra, G. A. Maley ; 
Using basic Boolean algebra principles, some 
special techniques are presented for simplifying 
circuit complexity and eliminating unnecessary 
hardware. Deals specifically with the use of a 
transistor NAND as a universal connective block 
Superconductive Circuits for are Machines, 
V. L. Newhouse . : ‘ 
Gain and time constants of wire-wound and film- 
type cryotrons are compared. Cross-film types 
function as logic circuit elements. Because the 
cost and bulk of deposited crossed-film cryotrons 
is considerably below that of transistors and they 
dissipate only about 1/1000 that of transistor 
energy, their use in extremely compact digital 
computer systems of high speed is foreseen. 
The Weighted Resistor Decoder: An Error Analysis, 
N. Aron and R. A. Goundry 
The relation between accuracy of conversion and 
resistor tolerance is analytically determined for a 
binary-weighted resistor network used as a 
digital-to-analog converter (decoder) 
Proportional Logic System, W. H. Pri e, Hl 
Logic functions of digital tec hniques and the pro- 
portional function of analog systems are com- 
bined in a process-control system to correct four 
conditions of material in-feed misalignment. 
Since normal logic elements are not proportional, 
a proportional coincidence gate was devised, the 
design of which is described. 


Control Case Histories 


Shading Coils Energized for Motor Control, C. Kas- 
parian . 
Continuous control of a small reversing ‘drive 
uses a shaded-pole motor with energized coils in 
place of the customary short-circuited single 
turns. Circuit principles and application are de- 
scribed. 


Control Systems, General 


Automatic Switching Control with Electric 
Clutches and Brakes, P. Block and D. Hen- 
nings ; 

Torque-slip characteristics, average torque 
curves, thermal rating and flux build-up and de- 
cay times are considered for direct-acting, fric- 
tion-disk electromagnetic clutches and brakes for 
mechanical power-switching functions. Control 
devices are reviewed and basic control circuits 
illustrated, including methods of providing over- 
excitation and underexcitation. General-purpose 
transistor control. 


Universal-Motor Speed Controls, F. W. Gutzwiller 
Various circuit designs for using the silicon con- 
trolled rectifier to vary the speed of the univer- 
sal, series motor. 


Transient Protection for High-Frequency Transis- 
tors, W. 
Three common types of transistor circuits (video 
and r-f amplifiers mutually coupled amplifiers, 
etc.) are analyzed with a view to discovering 
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what causes transistor failures due to switching 
transients. Proper means of correction are given. 
Firing Circuits for Silicon Controlled Rectifiers, 
W. J. Brown 
Various types of firing circuits are reviewed: uni- 
junction transistors, magnetic amplifiers, phase- 
shift networks. Special emphasis and design de- 
tails are given for Silicontrol, which is a com- 
bination of a magnetic circuit and a phase-shift 
circuit. 
Simplifying Switching Circuits with Boolean Alge- 
bra, G. A. Maley 
Using basic Boolean algebra principles, some 
special techniques are sae for simplifying 
circuit complexity and eliminating unnecessary 
hardware. Deals specifically with the use of a 
transistor NAND as a universal connective block. 
Saturable Reactor Control of D-C Motors, H. R. 
Weed and 8S. P. Jackson 
A method of analysis is developed which derives 
describing equations and characteristic curves. 
The analysis is generally applicable to series 
saturable reactors used to control any load which 
is inductive and contains a back-emf element. 


Control-System Analysis by Analog Simulation, 

W. E. Sollecito 
Presents fundamentals of analog computation 
and its use in simulating feedback control sys- 
tems. Simulation is used in the basic design 
procedure to eliminate costly experimentation 
with hardware. 

The Forum: Computing Machines in Control Sys- 
tems. 1. Principles of Data Processing in Nu- 
merical Control of Machine Tools, J. L. 
McKelvie 

Automatic control by orders which are intro- 
duced in the form of numbers has become an im- 
portant concept. The basic principles of numeri- 
cal control systems used by the metalworking 
industry are presented. 


The Forum: Computing Machines in Control Sys- 
tems. 2. Panel Discussion— Machine-Tool 
Control, A. R. Robinson, A. M. Hilton, F. J. 
Oliver, J. L. McKelvie, B. Harris, S. M. 
Rieten: wel Fs GO 6 ivi es ctdesids ssecce 

The design of a numerical machine-tool control 
system requires careful integration of ideas from 
several technological areas. Positioning systems 
involving little data processing at the machine 
and contouring systems involving complex data 
processing are discussed. A panel of experts 
weighs the advantages and disadvantages of dif- 
ferent design approaches and discusses the role of 
computing machines. 


Mechanical 

Factors Contributing to Backlash in Gear Trains, 

R. J. Benson..... 

Factors that comprise the total backlash in fine- 
pitch spur gear trains are considered, along with 
detailed calculations. Included are effects of 
changes in center distance, method of calling out 
tolerances, pressure angle, and total composite 
error in gears; thinning, deflection and wear of 
teeth; radial play in bearings and differential ex- 
pansion between housing and gears; also shaft 
twist. 


Power (Drives) 


Automatic Switching Control with Electric 
Clutches and Brakes, P. Block and D. Hen- 
nings 

Torque-slip characteristics, average torque 
curves, thermal rating and flux build-up and de- 
cay times are considered for direct-acting, fric- 
tion-disk electromagnetic clutches and brakes for 
mechanical power-swilching functions. Control 
devices are reviewed and basic control circuits 
iilustrated, including methods of prov iding over- 
excitation and underexcitation. General-purpose 
transistor control. 


Unconventional Power Sources—2, E. Randall... 
Theory, electrical characteristics, and state of 
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the art of thermionic converters, solar cells, mag- 
netohydrodynamics, photoemissive generators, 
ferroelectric converters, and devices utilizing the 
Austin effect. (Covered in Part 1 were fuel cells 
and thermoelectric devices.) 


Unconventional Power Sources—1, E. Randall... 
A survey of the various types of “exotic” power 
sources that are being developed particularly for 
use in space vehicles. Special emphasis on elec- 
trical characteristics, efficiencies, power-to- 
weight ratios, etc. Covered in this part of a two- 
part article are fuel cells and thermoelectric con- 
verters. Thermionic converters, solar cells, 
magnetohydrodynamic generators, etc. will be 
discussed in Part 2. 


Precise Variable-Speed, Constant-Frequency Alter- 
nator, W. R. Appleman 

A-C power generator system is described in 
which a three-phase a-c current is applied to a 
distributed winding of the alternator rotor of 
such frequency as to make up the difference be- 
tween the speed-dependent frequency and a ref- 
erence frequency. Frequency comparison is ob- 
tained through a tachometer generator. 

Drive Developments Stressed at Machine Tool 

Forum, Staff Report 
Digest of selected papers presented at the 25th 
Westinghouse Machine Tool Forum. New drives 
and modifications of others are described, along 
with user experience with them. Small relays 
are evaluated and systems implications anal- 
yzed. 

Variable Speed Control Systems, J. Ben Uri 
Each of the basic forms of electrical drive has in- 
herent advantages and limitations. Simple ma- 
chines may well serve those applications which 
do not require the features offered by elaborate 
systems. Principles of operation of widely used 
systems are outlined to guide selection. 


Recording 


Selecting Balancing Motors for Measuring Systems, 
E. Moraski 

Each major component of a typical null-belance 

measuring system is described and related to sys- 

tem design and performance. Special emphasis 

is placed on balancing-motor characteristics. 


TEST AND MEASUREMENT 
Components 


Mechanics of Electrical-Contact Failure Caused by 
Surface Contamination, $. W. Chaikin 
A study of the reasons for failure of contacts in 
electrical connecting devices, particularly sealed 
relays. Primary interest is in contaminants de- 
posited on the contact surface in the form of base 
metal and organic contamination. This report 
details contaminating sources, materials and 
methods for their control. 
Tunnel-Diode Capacitance Measurements, E. Adler 
and R. C. Wonson 
The measurement of the capacitance of a tunnel 
diode is made difficult by the occurrence of 
spurious oscillations and by the fact that the 
capacitance is not directly accessible at the diode 
terminals. Specific suggestions, including cir- 
cuits and instrumentation, are given to help 
solve this testing problem. 


How to Make Basic D-C Measurements—2, 
Kelley 
Of the various fundamental electrical quantities, 
the closest to an absolute is resistance. For 
laboratories supporting engineering which de- 
pends upon precision electrical measurement, 
methods are outlined for standardizing basic 
resistance devices such as Wheatstone, Kelvin 
and Mueller bridges, shunts and volt boxes. 
A Technique for Measuring High-Frequency Tran- 
sistor Characteristics, R. Fekete 
Test equipment to measure high-frequency 
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small-signal transistor parameters, such as cur- 
rent gain, has been developed. By using suitable 
adaptors, other parameters and other two- or 
four-terminal devices can be measured. Essen- 
tially a complex voltage-ratio meter that meas- 
ures the absolute value of two voltages or their 
ratio, and the phase angle between them, the de- 
roy uses low signal levels at frequencies below 
me. 


Instrument Motor Temperature-Rise Factors, 
R. Matthews 
The influence of electrical input, duty cycle and 
method of mounting on instrument motor tem- 
perature and life are depicted. Tests of a typical 
motor are used to demonstrate the motor appli- 
cation advice. 


Environmental 


Shock/Vibration Testing Gains Speed and Precision 
1. The MB Electronics Spectrum Analyzer 
2. Calibration of Shock/Vibration Pickups 
R. Boynton and R. R. Bouche 
A new instrument for rapid and complete vibra- 
tion spectrum analysis is described, and the vari- 
ous accepted methods of shock and vibration test 
pickup calibration are compared. 


General 


Measuring Power Factor of Non-Sinusoidal Wave- 
forms, D. A. Wilhelmson 
A graphical method for finding the approximate 
relationship between voltage and current is de- 
veloped for the case in which the waveform is 
non-sinusoidal or of high frequency. 
How to Make Basic D-C Measurements— 2, 
Kelley 
Of the various fundamental electrical quantities, 
the closest to an absolute is resistance. For 
laboratories supporting engineering which de- 
pends upon precision electrical measurement, 
methods are outlined for standardizing basic re- 
sistance devices such as Wheatstone, Kelvin and 
Mueller bridges, shunts and volt boxes. 


Research Notes 


Electron-Momentum Determination with Sound 
I Kc DURGA Koco dbedectuesstcvetkeceseueekss 


Current R & D Programs in Electrical Insulation 
and Dielectric Materials—2 

Developments in Optical Masers...............-. 

Improved Magnetoresistive Device 

Electrical Stability of Clay-Loaded Butyl Insula- 
tion Compounds 

Metal-Bonded Graphite for Electromechanical Ap- 
GUOMIAOIG <5 os spo cvscneccessssssenereceecseeses 


Microscopy Techniques for Study of Magnet-Wire 
Insulation ; 

Electronic Devices in’Simulation of Neuron Net- 
BR ta yyceicntscociedTikks wmeadsebine cannes 

Gallium Alloys for Low-Temperature Bonding in 
Electronic Devices 

Shielding Electronic Circuits against Nuclear 
Radiation 

The Cadmium Sulfide Triode 

Ultrahigh-Temperature Plastics with Reactive Di- 
phenyl Oxides 

Flexible Ceramic Dielectrics 

Effect of Ultrasonics on Natural-Convection Cool- 
ing Systems 

Niobium Solid-Electrolytic Capacitors............ 
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Materials 


A-C/D-C High-Potential Testing, H. N. Miller... 
An introduction to a-c and d-c high-potential 
testing, its use and guides for proper selection of 
test equipment for particular a — In- 
formation that may be obtained y high-poten- 
tial testing is described. A-C and d-c testing are 
compared, with limitations and advantages of 
each discussed. 

Electrical Analog for Vibration-Damping Meas- 

urements, W. Hand 

When evaluating the damping characteristics of 
a sihentigndeaaeainn material, the accuracy of 
the electrical measuring circuits must be deed 
Substituting an electrical analog circuit with 
known parameters for the test specimen provides 
a simple checking method. Such an electrical 
analog is derived and its use explained in an 
example. 

Mechanics of Electrical-Contact Failure Caused by 

Surface Contamination, S. W. Chaikin 

A study of the reasons for failure of contacts in 
electrical connecting devices, particularly sealed 
relays. Primary interest is in contaminants de- 
posited on the contact surface in the form of base 
metal and organic contamination. This report 
details contaminating sources, materials and 
methods for their control. 


Systems 


A-C/D-C High-Potential Testing, H. N. Miller.. 
An introduction to a-c and d-c high-potential 
testing, its use and guides for proper selection of 
test equipment for particular applications. In- 
formation that may be obtained by high-poten- 
tial testing is described. A-C and d-c testing are 
compared, with limitations and advantages of 
each discussed. 


Measuring Functional Accuracy of Hall-Effect Gen- 
erators, S. Harac 
Method and equipment used on solid-state resolv- 
ers to check the extent of departure, at any point 
of rotation, of the Hall output from the true sine 
value. Description of the measuring instrument. 


Platinum-Alloy Permanent Magnets.............. 
European Literature Abstracts ..................- 
Barrier-Layer Dielectrics 

New Experimental Semiconductor Device........ 
Silicon as a Material for Resistors............... 


Editorials 


Wanted: Leap-Frogging Research 

No Let-up in Technology 

Mathematics—A Working Science................ 

The Spectrum of Engineering 

Competitive Strength—The Aim of All Design 
Engineering 

Equity in Government-Contract Patent Policy... 

Interdisciplinary Engineering—Today and Tomor- 


Energy Flow: the Key to Systems Analysis...... 
Information Storage and Retrieval 

Reliability Endangered by Price Cutting 
Information Should Inform 

Short-cuts to Confusion 
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Design Trends 


Page 
January 1961 


A Technique for Measuring High-Frequency Transistor Charac- 

IN i 5b skpebee beh Ase dans ba Nan das cede eeen ess oave 126 
Instrument-Motor Temperature-Rise Factors ................. 132 
R-F Level Calibration Console 


February 1961 


4 Proportional Logic System 

Small Encoder Offers Fine Angular Resolution 

Transistor Choppers ....... 

Miniature Digital Program Timer 

Relay Contact Plating Sensing Circuit 

Multiple-Input Frequency Changer 

Phase-Shifting Capacitor Serves as Transducer 

DER RATIe RININS TOR 50553 bong Se inwxe seen dae ehssasiodsiennt 148 
Pulsed Miniature Counter Gives Indication and Control 


March 1961 


Method for Experimental Study of Relay Stability 

Magnetic-Amplifier Design for Remote Locations ............ 157 

Resistance-Temperature Nomograph 

Spline-Drive Armature in Rugged Magnetic Clutch and Brake 
Design 

Relay Characteristics Amplified 

Fast-Switching Transistor Operates at Micro-Energy Levels.. 

Brush Threading and Selective Action Related to Current Dis- 
tribution 

Photoelectric Reader Senses Reflected Light Intensity 

Heat-Run Slide Rule 

Shift Registers are Wafer-Thin 


April 1961 


The Weighted Resistor Decoder: An Error Analysis.......... 154 
Exceeding Resistor Power Ratings .................2:.0.0ee008 156 
Continuous-Recording Temperature-Measurement by 

Resistance : 
N86 a5. ihc 65 5 5 ose pee eieweweune caine 162 
Materials Evaluation in Printed-Circuit-Board Design y 
Geneva Movement Provides Ten-Turn Rotary Switching 
Dual-Purpose Digital Computer Is also Differential Analyzer .. 164 
High-Impact Acrylic Replaces Aluminum in Power Timing 


May 1961 

Design of a Magnetic Voltage Stabilizer 

Low-Cost Tachometer Generator 

Coded Time-Pulse Circuits for Bata Correlation 

Stroboscopic Digital Readout 

Solid-State X-¥ Coordinate Display 

Voltage Relationships in a Simplified Controlled Three-Phase 
D-C Rectifier 


June 1961 


Arc Suppression for Contact. Protection 

i Cs Ske i cvicancbebisacen ce <s5nsnsd%eese 135 
Frequency Counter Has Built-In Memory 

Vibrating Tube Measures Density 

I I indo eke wc tuiedans anes kencaons 138 


Page 
Practical Aspects in Evaluating Shielded Rooms .... 
Bleeder-Resistance Considerations in Single-Phase Rectifiers... 144 
Microwave Attenuation Measurements Compared ... 


July 1961 

Precise-Angle Indicator 

Solid-State Sequence Timer Provides Appliance Control 
Meter Has Ceramic Magnet and Printed-Circuit Coil 
Magnetic Repulsion Bearings for Watt-Hour Meters 
Optimizing Control Balances Bridge Network 
Flexible-Ratio Gear Boxes 


August 1961 


Tunnel-Diode Capacitance Measurements..................... 118 

High-Thermal-Conductivity Potting Compound Used in Canned 
ok eS eee 

Internal Light Source Operates Relay-Potentiometer 

Continuous-Balance Potentiometer System Has Infinite Resolu- 


Rotary Switch Stores Multiple-Digit Numbers 
Some Aspects of Shunt-Regulated Power Supplies. 
Low-Torque Tester 


September 1961 


Measuring Functional Accuracy of Hall-Effect Generators.... 134 
A Band-Pass Filter Slide Rule 

High-Speed Analog-to-Digital Converter 

Optimal Electromagnet Design 

aneitie Flow- Meter 


October 1961 


Using the Silicon Controlled Rectifier for Protection 

4 Transient-Current Solenoid Driver 

High-Efficiency-Choke Design 

Russian D-C Motors Described 

Transistor Tester Supplies Constant Collector Current 
Thin-Film Precision Resistors through Photography 
Simplified Evaluation of Electrical Insulation 

Feedback Relationships in Transistor Amplifiers.............. 


November 1961 


Measuring Power Factor of Non-Sinusoidal Waveforms 
Mechanical-Property Considerations in Epoxy Insulation 
Frictionless Pivot 

Storing and Reforming Aluminum-Foil Electrolytic Capaci- 


Housing Serves as Efficient Tube-Welder Secondary... 
Electro-Pneumatic Transducer 


December 1961 

A Complementary Symmetry Emitter-Follower 

A-C/D-C High-Potential Testing 

Universal-Motor Speed Controls ....................sceeeeeees 138 
Water-Cooled Pipe for Generator Test Loading 

Infrared Spectrometer with Increased Sensitivity 
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